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(54) Method and apparatus for frac/gravel packs 

(57) Apparatus for fracturing a formation orfor grav- 
el packing a borehole includes a screen assembly (12) 
having a plurality of screens (18) mounted on an aper- 
tured base member (14). A flow-control service assem- 
bly (27) is disposed within the bore of the screen assem- 
bly and includes an outer tubular member (26) and an 
inner tubular member (40). The outer tubular member 
includes a plurality of ports (25) that communicate with 
the apertures in the screen assembly. The inner tubular 
member and outer tubular member form an inner annu- 
lus (32), the outer tubular member and screen assembly 
form a medial annulus (34), and the screen assembly 
forms an outer annulus (30) with the wall of the borehole. 
Barriers (24) are placed around the ports on the outer 
tubular member to prevent the formation of gravel bridg- 
es across the inner annulus. The inner annulus (32) pro- 
vides alternative flow paths around the ports upon the 
ports becoming closed to fluid flow such as by bridges. 
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Description 

[0001] The present invention relates to methods and 
apparatus for completing wells in unconsolidated sub- 
terranean zones, more particularly to methods and ap- 
paratus for achieving effective frac treatments and uni- 
form gravel packs in completing such wells. 
[0002] Oil and gas wells are often completed in un- 
consolidated formations containing loose and incompe- 
tent fines and sand that migrate with fluids produced by 
the wells. The presence of formation fines and sand in 
the produced fluids is disadvantageous and undesirable 
in that the particles abrade and damage pumping and 
other producing equipment and reduce the fluid produc- 
tion capabilities of the producing zones in the wells. 
[0003] Completing unconsolidated subterranean 
zones typically comprises a frac treatment and a gravel 
pack. A frac/gravel pack apparatus, which includes a 
sand screen assembly and the like, is commonly in- 
stalled in the wellbore penetrating the unconsolidated 
zone. During frac treatment, the zone is stimulated by 
creating fractures in the rock and depositing particulate 
material, typically graded sand or man-made proppant 
material, In the fractures to maintain them in open posi- 
tions. Then the gravel pack operation commences to fill 
the annular area between the screen assembly and the 
wellbore with specif ically sized particulate material, typ- 
ically graded sand or man-made proppant. The particu- 
late material creates a barrier around the screen and 
serves as a filter to help assure formation fines and sand 
do not migrate with produced fluids into the wellbore. 
Preferably, to simplify operations, the frac treatment par- 
ticulate material is the same as the gravel packing par- 
ticulate material. However, as described herein, the 
term "proppant" refers to the frac treatment particulate 
material and the term "gravel" refers to the gravel pack- 
ing particulate material. 

[0004] In a typical frac/gravel pack completion, a 
screen assembly is placed in the wellbore and posi- 
tioned within the unconsolidated subterranean zone to 
be completed. As shown in Figure 1 , a screen assembly 
130 and a wash pipe 140 are typically connected to a 
tool 100 that includes a production packer 120 and a 
cross-over 110. The tool 100 is in turn connected to a 
work or production string 190 extending from the sur- 
face, which lowers tool 1 00 into the wellbore until screen 
assembly 130 is properly positioned adjacent the un- 
consolidated subterranean zone to be completed. 
[0005] To begin the completion, the interval adjacent 
the zone is first isolated. The bottom of the well 1 95 typ- 
ically isolates the lower end of the interval or alternative- 
ly a packer can seal the lower end of the interval if the 
zone is higher up in the well. The production packer 1 20 
typically seals the upper end of the interval or alterna- 
tively the wellhead may isolate the upper end of the In- 
terval if the zone is located adjacent the top of the well. 
The cross-over 110 Is located at the top of the screen 
assembly 130, and during frac treatment a frac fluid, 



such as viscous gel, for example, is first pumped down 
the production string 190, into tool 1 00 and through the 
cross-over 110 along path 160. The frac fluid passes 
through cross-over ports 115 below the production 

5 packer 120, flowing from the flowbore of production 
string 190 and into the annular area or annulus 135 be- 
tween the screen assembly 130 and the casing 180. 
[0006] initially the assembly is in the "squeeze" posi- 
tion where no fluids return to the surface. In the squeeze 

io position, valve 1 1 3 at the top of the wash pipe is closed 
so fluids cannot flow through wash pipe 140. During 
squeeze, the frac fluid, typically viscous gel mixed with 
proppant, is forced through perforations 150 extending 
through the casing 1 80 and into the formation. The frac 

*5 fluid tends to fracture or part the rock to form open void 
spaces in the formation. As more rock is fractured, the 
void space surface area increases in the formation. The 
larger the void space surface area, the more the carrier 
liquid in the frac fluid leaks off into the formation until an 

20 equilibrium is reached where the amount of fluid intro- 
duced into the formation approximates the amount of 
fluid leaking off into the rock, whereby the fracture stops 
propagating. If equilibrium is not reached, fracture prop- 
agation can also be stopped as proppant reaches the 

25 tip of the fracture. This is commonly referred to as a tip 
screen out design. Next a slurry of proppant material is 
pumped into the annulus 135 and injected into the for- 
mation through perforations 150 to maintain the voids 
in an open position for production. 

30 [0007] In a frac treatment, the goal is to fracture the 
entire interval uniformly from top to bottom. However, 
because cross-over 110 introduces frac fluid at the top 
of the formation interval thro ugh ports 1 1 5 at a very high 
flow rate, friction causes a large pressure drop as the 

35 frac fluid flows down annulus 135 to reach the bottom 
1 95 of the interval. Therefore, more pressure is exerted 
on the upper extent of the formation interval than on the 
lower extent of the interval so that potentially full frac- 
turing occurs adjacent the top of the production zone 

40 while reduced or no fracturing occurs adjacent the bot- 
tom. Additionally, formation strength tends to increase 
at greater depths such that the longer the zone or inter- 
val, the greater the strength gradient between the rock 
at the top and bottom. Because higher fluid pressures 

45 are exerted on the weaker rock at the top, and lower 
fluid pressures are exerted on the stronger rock at the 
bottom, the strength gradient adds to the concern that 
only the upper extent of the interval is being fully frac- 
tured. To resolve these problems and achieve more uni- 

50 form fracturing, it would be advantageous to have a frac 
apparatus capable of injecting frac fluid into the forma- 
tion at fairly uniform pressures along the entire interval 
length from top to bottom. It would also be advanta- 
geous to have a frac apparatus capable of continuing to 

55 apply frac pressure to the lower extent of the formation 
even when fractures in the upper interval reach a "tip 
screen our condition and therefore stop accepting frac 
fluids or do so at a reduced rate. 
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[0008] Once the f rac treatment is complete, the gravel 
pack commences, or the gravel pack may take place 
simultaneously with the frac treatment. During gravel 
pack, the objective is to uniformly fill outer annulus 1 35 
with gravel along the entire interval. Prior to introducing s 
the gravel pack slurry, the assembly is placed in the "cir- 
culation" position by opening valve 113 to allow flow 
through wash pipe 140 back to the surface. The slurry 
is then introduced into the formation to gravel pack the 
wellbore. As slurry moves along path 160, out cross- 10 
over paths 11 5 and into annulus 1 35, the fluid in the slur- 
ry leaks off along path 1 70 through perforations 150 into 
the subterranean zone and/or through the screen 130 
that is sized to prevent the gravel in the slurry from flow- 
ing therethrough. The fluids flowing back through the « 
screen 1 30, enterthe inner annular area or annulus 1 45 
formed between the screen 1 30 and the inner wash pipe 
140, and flow through the lower end of wash pipe 140 
up path 185. The return fluids flow out through cross- 
over port 112 into annulus 105 above the production 
packer 1 20 formed between the work string 1 90 and the 
casing 1 80, then back to the surface. 
[0009] The gravel in the slurry is very uniform in size 
and has a very high permeability. As the fluid leaks off 
through the screen 1 30, the gravel drops out of the slurry 
and builds up from the formation fractures back toward 
the wellbore, filling perforations 150 and outer annulus 
135 around the screen 130 to form a gravel pack. The 
size of the gravel in the gravel pack is selected to pre- 
vent formation fines and sand from flowing into the well- 
bore with the produced fluids. 
[0010] During a gravel-packing operation, the objec- 
tive is to uniformly pack the gravel along the entire length 
of the screen assembly 130. Conventional gravel pack- 
ing using cross-over 1 1 0 begins at the bottom 1 95 of the 
interval and packs upward. However, with a high leak 
off of fluid through the perforations 1 50 and into the for- 
mation, the gravel tends to deposit around the perfora- 
tions 150 thus forming a node. A node is a build up of 
gravel that grows radially and may grow so large that it 
forms a bridge and completely blocks the outer annulus 
135 between the screen 130 and casing 180. Although 
the primary flow of the gravel pack slurry begins along 
the axis of the casing 180, to the extent that the flow 
becomes radial, gravel nodes will build up and grow ra- 
dially in the outer annulus 135. When the gravel is 
packed grain to grain to completely block the outer an- 
nulus 135 with gravel, that is commonly termed "screen 
out" in the industry. Bridging or screen out can occur 
during gravel packing or during frac treatment when the 
proppant is injected to maintain the voids in an open po- 
sition. If formation permeability variations and/or the 
fracture geometry cause a bridge to form in the annulus 
around the screen during packing, the gravel slurry will 
begin packing upward from the bridge. This problem oc- 
curs particularly in gravel packs in long and/or deviated 
unconsolidated producing intervals. The resulting in- 
complete annular pack has sections of screen that re- 



main uncovered, which can lead to formation sand pro- 
duction, screen erosion and eventual failure of the com- 
pletion. 

[0011] Figure 2 illustrates the problem of the forma- 
tion of gravel bridges 200 in the outer annulus 135 
around the screen 130 resulting in non-uniform gravel 
packing of annulus 135 between the screen 130 and 
casing 1 80. This may occur with conventional frac treat- 
ments because fractures in the formation do not grow 
uniformly, and carrier fluid leaks off into high permeabil- 
ity portions of the subterranean zone 21 0 thereby caus- 
ing gravel to fill perforations 250 and form bridges 200 
in the annulus 135 before all the gravel has been placed 
along screen 130. The bridges 200 block further flow of 
the slurry through the outer annulus 135 leaving voids 
220, 230 in annulus 135. When the well is placed on 
production, the flow of produced fluids may be concen- 
trated through the voids 220, 230 in the gravel pack, 
soon causing the screen 130 to be eroded by pressu- 
rized produced fluids and the migration of formation 
fines and sand into the production string, thus inhibiting 
production. 

[0012] in attempts to prevent voids along the screen 
130 in gravel pack completions, special screens having 
external shunt tubes have been developed and used. 
See, for example, U.S. Patent 4,945,991 . The shunt 
tubes run externally along the outside of the screen as- 
sembly and have holes approximately every 6 feet to 
inject gravel into the annulus between the screen as- 
sembly and the wellbore or casing at each hole location. 
During a gravel pack completion, if the major flow path 
is blocked because a bridge develops, a secondary or 
alternative flow path is available through the shunt 
tubes. If there are voids along the screen below the 
bridge, gravel can be injected into the annulus through 
the shunt tube holes to fill the voids to the top of the 
interval. The holes are sized to restrict the flow out into 
the annulus and reduce the rate at which fluid leaks off 
to bridged portions of the overall interval. When screen 
out occurs at one hole, the shunt tube itself provides an 
open flow path for the slurry to proceed to the next hole 
and begin filling the void in that area. When the gravel 
is packed above the top perforation in the Interval, the 
pressure goes up dramatically, indicating to the operator 
that the interval is fully gravel packed. 
[0013] While shunt-tube screen assemblies have 
achieved varying degrees of success in achieving uni- 
form gravel packs, they are very costly and remain in 
the well after gravel packing to become part of the per- 
manent assembly. Because shunt tubes are disposed 
between the screen assembly and the wellbore wall, the 
internal diameter of the screen assembly is reduced to 
accommodate the shunt tubes, thereby limiting the 
available production area, which is especially undesira- 
ble in higher production rate wells. It would be advanta- 
geous to have a gravel pack apparatus with alternative 
flow paths that did not reduce or limit the production area 
of the screen assembly. 
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[0014] Further improved apparatus and methods of 
achieving uniform gravel packing are shown in US pat- 
ents nos. 5,934,376 and 6,003,600 (see also EP-A- 
0909874 and EP-A-0909875) to which reference should 
be made for further details. 

[0015] A slotted liner, having an internal screen dis- 
posed therein, is placed within an unconsolidated sub- 
terranean zone whereby an inner annulus is formed be- 
tween the screen and the slotted liner. The inner annulus 
is isolated from the outer annulus between the slotted 
liner and the wellbore wall and provides an alternative 
flow path forthe gravel packslurry. The gravel pack slur- 
ry flows through the inner annulus and outer annulus, 
between either or both the sand screen and the slotted 
liner and the liner and the wellbore wall by way of the 
slotted liner. Particulate material is thereby uniformly 
packed into the annuli between the screen and the slot- 
ted liner and between the slotted liner and the zone. If 
a bridge forms in the outer annulus, then the alternative 
flow path through the inner annulus allows the void to 
be filled beneath the bridge in the outer annulus. 
[0016] The permeable pack of particulate material 
formed prevents the migration of formation fines and 
sand into the wellbore with the fluids produced from the 
unconsolidated zone. To prevent bridges from forming 
in the inner annulus, dividers may be provided that ex- 
tend between the liner and the screen whereby alterna- 
tive flow paths in the inner annulus are formed between 
the screen and the slotted liner. This assembly is suc- 
cessful in preventing bridges from forming; however, the 
slotted liner requires adequate space between the 
screen assembly and the wellbore wall, which thereby 
reduces the production area of the screen assembly. 
[0017] Thus, there are needs for Improved methods 
and apparatus for completing wells in unconsolidated 
subterranean zones whereby the migration of formation 
fines and sand with produced fluids can be economically 
and permanently prevented while allowing the efficient 
production of hydrocarbons from the unconsolidated 
producing zone. In particular, there is a need for a frac/ 
gravel pack apparatus which provides alternative flow 
paths to prevent voids from forming in the gravel pack 
and which does not limit or reduce the production area 
of the screen assembly. 

[001 8] The present invention aims to mitigate or over- 
come the deficiencies of the prior art. 
[0019] In one aspect, the invention provides an as- 
sembly for fracturing a formation or gravel packing a 
borehole extending through the formation, said assem- 
bly comprising a first member having a length adapted 
for disposal adjacent the formation and including a plu- 
rality of screens and a plurality of first apertures; a sec- 
ond member disposed within said first member forming 
a flow path along said length and having a plurality of 
second apertures communicating with said first aper- 
tures; and wherein said apertures are disposed along 
said length at predetermined intervals. 
[0020] In another aspect, the invention provides an 
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assembly for completing a well having a borehole ex- 
tending through a formation, said assembly comprising 
an inner tubular member disposed within an outer tubu- 
lar member and forming an inner annulus; said inner tu- 

s bular member and outer tubular member being dis- 
posed within a screen member, said outer tubular mem- 
ber and screen member forming a medial annulus and 
said screen member adapted to form an outer annulus 
with the borehole; said outer tubular member and 

10 screen member forming a plurality of apertures commu- 
nicating said inner annulus with said outer annulus, said 
apertures being spaced along said outer tubular and 
screen members at predetermined intervals; said inner 
annulus adapted to receive fluid to flow through said ap- 

15 ertures and into said outer annulus; said medial annulus 
adapted to receive fluid through said screen member 
from said outer annulus; and said inner tubular member 
having a flowbore adapted to receive fluid from said me- 
dial annulus. 

20 [0021] In a further aspect, the invention provides an 
assembly for positioning within a borehole of a well, said 
assembly comprising a screen member having a wall 
forming a bore and a plurality of ports through said wall; 
an outer tubular member disposed within said bore hav- 

25 jng a plurality of ports aligned with said screen member 
ports and forming an inner annulus with said screen 
member; and a . plurality of barrier members extending 
over said aligned ports. 

[0022] In another aspect, the Invention provides a 
30 method of flowing fluids into an unconsolidated subter- 
ranean zone penetrated by a wellbore, which method 
comprises disposing a length of screen assembly in the 
wellbore adjacent the unconsolidated subterranean 
zone, the screen assembly including a plurality of 
35 screens and having apertures along said length at pre- 
determined intervals; disposing a flow-control member 
within said screen assembly to direct fluid flow through 
the apertures and not through the screens; and passing 
frac fluids through the flow-control member, through the 
40 apertures and into the unconsolidated subterranean 
zone. 

[0023] The invention also includes a method of com- 
pleting an unconsolidated subterranean zone penetrat- 
ed by a wellbore having an upper and lower end com- 

45 prising the steps of: placing in the lower end of the well- 
bore a screen assembly having open ports and an outer 
tubular member disposed therein having open ports that 
align with said screen assembly ports whereby a first 
annulus is formed between the screen assembly and the 

so outer tubular member and a second annulus is formed 
between the screen assembly and the lower end of said 
wellbore; hanging an internal tubular member within 
said outer tubular member whereby a third annulus is 
formed between the internal tubular member and the 

55 outertubular member; Isolating said second annulus be- 
tween the lower wellbore end and the upper wellbore 
end in the zone; injecting particulate material into said 
third annulus, through said aligned open ports, and into 
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said second annulus; creating fractures in said subter- 
ranean zone while injecting the particulate material into 
the second annulus; depositing particulate material in 
said fractures; uniformly packing the particulate material 
along the screen assembly in said second annulus; clos- 5 
ing off the internal tubular member to fluids entering from 
within the well; injecting particulate-free liquid through 
said internal tubular member into said third annulus and 
flowing said liquid up to the surface through said third 
annulus; closing said screen assembly ports; removing io 
the outer tubular member and the internal tubular mem- 
ber from the wellbore; and placing the unconsolidated 
subterranean zone on production. 
[0024] The frac/gravel pack apparatus of the present 
invention includes a screen assembly having a flow- is 
control assembly disposed therein. A production packer 
is connected above the screen assembly to support the 
screen assembly within the wellbore. The screen as- 
sembly includes a base member, screens mounted on 
the base member, and connector subs connecting ad- 
jacent base member sections. The connector subs in- 
clude apertures or ports and shiftable sleeves for closing 
the ports. The ports are spaced at predetermined inter- 
vals along the screen assembly. The shiftable sleeves 
are in the open position to open the ports during treat- 
ment, and the sleeves are shifted to a closed position to 
close the ports when the flow-control assembly Is re- 
moved from the well. 

[0025] The flow-control assembly includes a service 
assembly and across-over or other connection between 
the service assembly and the work string extending to 
the surface. The service assembly includes an outer 
tube, an internal tube, and diverters in the form of caps 
or shrouds. The outer tube includes externally mounted 
collet mechanisms and apertures or ports that align with 
the screen assembly ports. The internal tube is disposed 
within the outer tube and passes liquid returns to the 
surface after the returns flow through the screen assem- 
bly during gravel packing. The diverters are mounted 
within the outer tube and cover each port to provide a 
bridge barrier. Since bridging is most likely to occur at a 
port, the diverters mounted just inside the outer tube 
prevent nodes from extending radially across the inner 
annulus between the service assembly outer tube and 
internal tube and thereby prevent bridges from forming 
to block flow through the inner annulus. Therefore, when 
a bridge builds at one port, the diverter halts the radial 
formation of the bridge to keep an alternative flow path 
through the service assembly open to allow the f rac flu- 
ids or gravel pack slurry to reach lower ports. Externally 
mounted collet mechanisms on the outer tube are de- 
signed to engage and close the shiftable sleeves as the 
flow-control service assembly is removed from the well 
after f rac treatment and gravel packing are complete. 
[0026] The present invention features improved 
methods and apparatus for fracture stimulating and 
gravel packing wells in unconsolidated subterranean 
zones, meeting the needs described above and over- 



coming the deficiencies of the prior art. 
[0027] The improved methods comprise the steps of 
placing a screen assembly with a flow-control service 
assembly disposed therein in an unconsolidated subter- 
ranean zone; isolating the outer annulus between the 
screen assembly and the wellbore wall; and Injecting 
frac fluids or a gravel pack slurry through the service 
assembly into the outer annulus between the screen as- 
sembly and the zone by way of axial ports located at 
predetermined intervals along the outer tube of the serv- 
ice assembly aligned with ports in the screen assembly. 
[0028] The unconsolidated formation is fractured dur- 
ing the injection of the frac fluids into the unconsolidated 
producing zone with proppant being deposited in the 
fractures. The frac fluid is injected into the formation at 
a high flow rate through each of the ports, allowing a 
fairly uniform pressure to be applied at each port loca- 
tion to efficiently and uniformly fracture the zone along 
the entire interval from top to bottom. 
[0029] During gravel packing, the particulate material 
in the slurry is uniformly packed into the outer annulus 
between the screen assembly and the borehole wall. As 
bridges form in the outer annulus, the inner annulus, 
formed between the service assembly outer tube and 
internal tube, provides alternative flow paths to other 
ports through which gravel pack slurry can flow to fill any 
voids formed around the screen assembly, thereby 
achieving a uniform gravel pack. Diverters covering the 
service assembly outer tube ports form a radial barrier 
to prevent the formation of bridges in the inner annulus 
thereby maintaining the alternative flow paths open 
through the service assembly so that particulate mate- 
rial can be injected into the outer annulus through lower 
ports to fill any remaining voids. The permeable pack of 
particulate material then prevents the migration of for- 
mation fines and sand into the wellbore with fluids pro- 
duced from the unconsolidated zone. Once the frac 
treatment and gravel packing are complete, the flow- 
control service assembly is preferably removed from the 
well. As the flow-control service assembly Is raised with- 
in the well bore, the outer tube closing mechanisms en- 
gage the shiftable sleeves and shift them upward to 
close the screen assembly ports. 
[0030] The improved methods and apparatus of the 
present invention provide more uniform fracture pres- 
sures along the entire interval from top to bottom and 
prevent the formation of voids in the gravel pack, there- 
by producing an effective fracture and gravel pack. The 
apparatus of the present invention has the advantage 
of having a removable flow-control service assembly af- 
ter frac treatment and gravel packing are complete, and 
therefore the flow-control service assembly does not 
limit the available production area within the screen as- 
sembly. 

[0031 ] It is, therefore, a general object of the present 
invention to provide improved methods of fracture stim- 
ulating and gravel packing wells in unconsolidated sub- 
terranean zones. The present invention comprises a 
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combination of features and advantages that enable it 
to overcome various problems or prior methods and ap- 
paratus. The characteristics described above, as well 
as other features, will be readily apparent to those 
skilled in the art upon reading the following detailed de- 
scription of the preferred embodiments of the Invention, 
and by referring to the accompanying drawings. 
[0032] For a more detailed description of one pre- 
ferred embodiment of the present invention, reference 
will now be made to the accompanying drawings, 
wherein: 

Figure 1 is a cross-sectional elevation view of a 
cased wellbore penetrating an unconsolidated sub- 
terranean producing zone and having a convention- 
al frac/g ravel pack apparatus; 
Figure 2 is a perspective view, partially in cross-sec- 
tion, illustrating the formation of bridges and voids 
in prior art gravel packs; 

Figure 3 is a cross-sectional elevation view of a 
cased wellbore penetrating an unconsolidated sub- 
terranean producing zone and having a screen as- 
sembly, with an internal flow-control service assem- 
bly Including an outer tube and an internal tube; 
Figure 4A is a side view, partially in cross-section, 
of a shiftable sleeve mounted on a connector sub 
with the sleeve in the open position; 
Figure 48 is a side view, partially in cross-section, 
of the shiftable sleeve of Figure 4A In the closed 
position; 

Figure 5 is an enlarged, isometric cross-sectional 
view of the shiftable sleeve of Figure 4 mounted ad- 
jacent ports in the service assembly outer tube and 
connector sub; 

Figure 6 is a cross-sectional view taken perpendic- 
ular to the axis of the wellbore showing the shiftable 
sleeve of Figures 4 and 5 with axial bores and radial 
ports therethrough; 

Figure 7 is an enlarged schematic view of the 
screen assembly and service assembly of Figure 3 
showing the closing mechanism for the shiftable 
sleeve; 

Figure 8A Is a side schematic view of the service 
assembly outer tube and internal tube having an in- 
ternal diverter over the ports and showing the flow 
therethrough before a bridge is formed; 
Figure 8B is a cross-sectional view at plane 8B-8B 
In Figure 8A showing a half moon-shaped embodi- 
ment of the diverter of Figure BA; 
Figure 9A is a side schematic view of flow through 
the inner annulus and diverter when no bridge has 
formed; 

Figure 9B is a side schematic view of flow through 
the alternative flow paths available around the di- 
verter when a bridge has formed inside the diverter; 
Figure 1 0A is a cross-sectional view taken perpen- 
dicular to the axis of the screen assembly and serv- 
ice assembly showing an alternative embodiment 



of a diverter assembly having vanes and channeliz- 
es connected to a section of diverter pipe and po- 
sitioned in the inner annulus between the service 
assembly outer tube and Internal tube; 
s Figure 1 0B is an isometric view of the diverter as- 
sembly of Figure 10A; 

Figure 1 1 A is a cross-sectional view taken perpen- 
dicular to the axis of the screen assembly and serv- 
ice assembly showing an alternative embodiment 
io of the diverter assembly of Figure 10A having an 
axially continuous diverter pipe with apertures or 
ports therethrough; 

Figure 1 1 B is an isometric view of the diverter as- 
sembly of Figure 11 A; 

is Figure 1 2A is a side schematic view showing flow 
through the inner annulus and out an alternative 
port after a bridge has formed across the outer an- 
nulus and within the diverter; 
Figure 12B is a cross-sectional view at plane 12B- 

20 1 2B in Figure 1 2A showing a half moon-shaped em- 
bodiment of the diverter of Figure 12A showing a 
bridge formed within the diverter; 
Figure 13 is a cross-sectional elevation view of the 
multi-position valve assembly at the bottom of the 

25 flow-control service assembly with the multi-posi- 
tion valve in the "circulation" position; 
Figure 14 is a cross-sectional elevation view of the 
multi-position valve assembly of Figure 13 with the 
multi-position valve in the "squeeze" position; and 

30 Figure 1 5 is a cross-sectional elevation view of the 
multi-position valve assembly of Figure 13 with the 
multi-position valve in the "reverse flow" position. 

DETAILED DESCRIPTION OF THE PREFERRED 
35 EMBODIMENT 

[0033] The present invention provides improved ap- 
paratus and methods for fracture stimulating and gravel 
packing an unconsolidated subterranean zone pene- 

40 trated by a wellbore. The apparatus is susceptible to em- 
bodiments of different forms. The drawings described in 
detail herein illustrate preferred embodiments of the 
present invention, however the disclosure should be un- 
derstood to exemplify the principles of the present in- 

45 vention and not limit the Invention to the embodiments 
illustrated and described herein. 
[0034] The apparatus and methods may be used in 
either vertical or horizontal wellbores and In either bore 
holes which are open-hole or cased. The term "vertical 

50 wellbore" as used herein means the portion of a wellbore 
in an unconsolidated subterranean producing zone to 
be completed which is substantially vertical or deviated 
from vertical in an amount up to about 30°. A highly de- 
viated well is often considered to be in the range of 30° 

55 to 70°. The term "horizontal wellbore" as used herein 
means the portion of a wellbore in an unconsolidated 
subterranean producing zone to be completed which is 
substantially horizontal or at an angle from vertical in 
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the range of from about 70° to about 90° or more. 
[0035] The present invention is directed to improved 
methods and apparatus for achieving efficient fracturing 
of the entire zone or interval from top to bottom and then 
uniformly gravel packing that interval. The flow rate dur- 
ing fracturing is much higher than the flow rate during 
gravel packing because the frac fluid must be injected 
into the formation at high pressures to cause fractures 
in the formation. As the fluid leaks off into the formation, 
frac fluids must be introduced at high pressures as well 
as high flowrates to continue to propagate the fractures. 
Preferably the f rac/gravei pack intervals described here- 
in range from approximately thirty to three hundred feet 
in order to achieve uniform fracturing. 
[0036] Referring now to the drawings, and particularly 
to Figure 3, a vertical wellbore 300 having casing 1 0 ce- 
mented therein, such as at 316, is illustrated extending 
into an unconsolidated subterranean zone 312. A plu- 
rality of spaced perforations 318, produced in the well- 
bore 300 utilizing conventional perforating gun appara- 
tus, extend through the casing 1 0, cement 31 6 and into 
the unconsolidated producing zone 312. 
[0037] In accordance with the apparatus and methods 
of the present invention, a screen assembly 12, having 
an internal flow-control service assembly 27 installed 
therein, is supported within the wellbore 300 by a pro- 
duction packer 326 isolating the top of the interval 360 
to be treated. The production packer 326 is a conven- 
tional packer that is well known to those skilled in the 
art. The flow-control service assembly 27 comprises an 
outer tube 26, an internal tube 40, and a cross-over as- 
sembly 330. The cross-over assembly 330 supports the 
service assembly outer tube 26 and internal tube 40 
within production packer 326 and screen assembly 12. 
The cross-over assembly 330 includes a three-way con- 
nector, such as for example, the connector described in 
U.S. patent application Serial No. 09/399,674 filed on 
September 21 , 1 999, hereby incorporated herein by ref- 
erence, that connects the outer tube 26 and internal tube 
40 to work string 328. The three-way connector provides 
fluid communication between the work string 328 and 
flow path 28 in outer tube 26. It also allows fluid com- 
munication between flow path 86 within internal tube 40 
and the annular area 305 formed between casing 1 0 and 
work string 328. 

[0038] The service assembly outer tube 26 and inter- 
nal tube 40 form an inner annulus 32, the screen assem- 
bly 12 and the service assembly outer tube 26 form a 
medial annulus 34, and the screen assembly 1 2 and the 
casing 1 0 form an outer annulus 30. The screen assem- 
bly 12 and outer tube 26 have lengths such that they 
substantially span the length of the producing interval 
360 in the wellbore 300 . The internal tube 40 is suspend- 
ed within the outer tube 26 and is extended to the lower 
end of the screen assembly 12. A return path for fluids 
to the surface includes the flowbore 41 of the internal 
tube 40, the cross-over assembly 330, and the annular 
area 305 formed between the work string 328 and cas- 



ing 10. 

[0039] Screen assembly 1 2 includes a base member 
14, such as a pipe, having apertures 1 6 through its wall, 
which can be circular or another shape such as rectan- 

5 gular, and a plurality of screens 18 disposed over the 
apertures 1 6 on base member 1 4. Adjacent base mem- 
bers 1 4 are connected together by a connector sub 50. 
As shown in Figures 4A and 4B, each sub 50 has a plu- 
rality of exit ports 20a through its wall, and mounted on 

10 each sub 50 is sleeve assembly 22 having exit ports 
alignable with exit ports 20a. Sleeve 22 is reciprocably 
mounted to sub 50 so as to be shiftable between an 
open and closed position over ports 20. Figure 4A 
shows port 20b in sleeve 22 aligned with port 20a in sub 

is SO in the open position. Figure 4B shows port 20a cov- 
ered by sleeve 22 in the closed position. The ports 20 
are spaced along the length of interval 360 at predeter- 
mined locations to provide uniform access to the forma- 
tion along interval 360. The particular fracturing and 

20 gravel pack application determines the required spacing 
of ports 20, but preferably subs 50 with ports 20a are 
spaced in the range of five to thirty feet apart, and pref- 
erably approximately ten feet apart. 
[0040] As shown in Figures 4A, 4B and 5, seals 46, 

25 preferably o-rings or other seals, seal between the 
sleeves 22 and the inside surface of the sub 50. As best 
shown in Figures 5 and 6, sleeves 22 also include a plu- 
rality of vertical bores 42 providing a hydraulic commu- 
nication across connector sub 50 through medial annu- 

30 lus 34 to allow fluid communication above and below 
each sleeve 22. As shown in Figure 3, returns 44 will 
pass through screens 18, through base member aper- 
tures 16, and into medial annulus 34. The returns then 
flow through bores 42, as shown at 44 in Figure 5, pass- 

35 jng through sleeves 22 while flowing down through me- 
dial annulus 34 to the lower end of outer tube26 and up 
internal tube 40 as shown in Figure 3. 
[0041] Referring now to Figures 3 and 7, outer tube 
26 has apertures or ports 25 which can be circular as 

40 illustrated in the drawings, or they can be rectangular or 
another shape. Ports 25 align with ports 20 such that 
when sleeves 22 are in the open position during frac 
treatment and gravel packing, there Is fluid flow there- 
through. A diverter 24 is disposed over each port 25 and 

45 is preferably mounted to the inside of the outer tube 26, 
as shown in Figure 3, but it can alternatively be mounted 
to the internal tube 40, as shown in Figure 7. Diverter 
24 may be a cap or shroud and is designed to cover exit 
port 25 to form a barrier to gravel build up. Diverter 24 

so is not continuous, nor does it extend the length of base 
pipe 14, but instead merely extends a short distance, 
such as an inch or two, on each side of exit port 25 so 
as to maximize the flow area available in the inner an- 
nulus 32. 

55 [0042] Figure 8B depicts an end view taken at section 
8B-8B of Figure 8A showing one embodiment of the di- 
verter 24 having a half-moon shape cross section form- 
ing a cover or barrier over ports 25, 20. The diverter 24 
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is open at the top and bottom, and as shown in Figures 
8A and 9 A, allows fluid to flow through diverter 24 along 
path 28 and out through ports 25, 20 or fluid can alter- 
natively flow around diverter 24 along the flow path in- 
dicated by arrows 62. * 
[0043] Referring now to Figures 1 0A and 1 0B, Figure 
10A shows a cross-sectional view and Figure 10B 
shows an isometric view of another diverter embodi- 
ment, diverter assembly 52. Shown in Figure 10A are 
the screen assembly 1 2, including connector sub 50 and 10 
sleeve 22, with service assembly outer tube 26 and in- 
ternal tube 40 disposed therein as shown in Figure 3, 
but with diverter assembly 52 replacing diverter 24. Di- 
verter assembly 52 is mounted internally to outer tube 
26 and disposed between the outer tube 26 and internal « 
tube 40centralizing internal tube 40 within outer tube 26. 
Diverter assembly 52 comprises a diverter pipe 56, out- 
er vanes 64, and inner centralizers 66. Vanes 64 are 
mounted to the outside of diverter pipe 56 and extend 
radially along each side of ports 25,20 forming flow ar- 
eas 32a around exit ports 25, 20 and flow areas 32b 
between exit ports 25,20. Centratizers 66 are mounted 
to the inside of diverter pipe 56 and extend radially to 
the internal tube 40 forming flow areas 32c. Diverter pipe 
56 and vanes 64 between adjacent exit ports 25 , 20 pre- 
vent bridges from extending annularty to block flow by 
preventing nodes from forming past flow areas 32a. 
Therefore, if flow is blocked by a bridge 58 in one flow 
area, fluid pathways are still open through flow areas 
32a, 32b and 32c in inner annulus 32. If the bridge 58 
blocks the outer annulus 30 between the screen assem- 
bly 12 and the wellbore, then liquids may nevertheless 
return through the screen and flow along the medial an- 
nulus 34 between the service assembly outer tube 26 
and the screen assembly 1 2 via the vertical bores 42 in 
sleeves 22. 

[0044] As shown in Figure 10B diverter pipe 56 is a 
lengthwise section of pipe that extends a short distance, 
such as one to two feet, In the axial direction above and 
below the center point of ports 25, 20. Vanes 64 and 
centralizers 66 are approximately the same axial length 
as the section of diverter pipe 56. 
[0045] Figures 1 1 A and 1 1 B depict an alternative em- 
bodiment of the diverter assembly of Figures 10A and 
10B. Figure 11 A shows a cross-sectional view of a di- 
verter assembly 52a including a diverter pipe 56a having 
apertures or holes 57 therethrough. Figure 1 1 B provides 
an isometric view of diverter assembly 52a showing di- 
verter pipe 56a extending in the axial direction and hav- 
ing holes 57, shown here above and below vanes 64 
around ports 25, 20. Holes 57 can be located at any 
point around the periphery of diverter pipe 56a, but 
should be located in the axial areas between sections 
of vanes and centralizers. If flow is blocked by a bridge 
58 in one flow area, fluid pathways are still open through 
alternative flow areas 32a, 32b and 32c, and holes 57 
allow flow communication between areas 32c and areas 
32a, 32b. If the bridge 58 blocks the outer annulus 30 



between the screen assembly 12 and the wellbore, then 
liquids may nevertheless return through the screen and 
flow along the medial annulus 34 between the service 
assembly outer tube 26 and the screen assembly 1 2 via 
the vertical bores 42 in sleeves 22. 
[0046] Referring now to Figures 3 and 7, an actuator 
member 48 is disposed on outer tube 26 below each 
sleeve 22 on sub 50 along the screen assembly 1 2. After 
frac treatment and gravel packing is complete, flow-con- 
trol service assembly 27 is raised within the wellbore 
300 for removal. Sleeves 22 remain in the open position 
until flow-control service assembly 27 is removed caus- 
ing actuator member 48 to engage sleeve 22 and shift 
it upwardly so as to close it over port 20a as shown in 
Figure 4B whereby port 20b is no longer in alignment 
with port 20a. Therefore, after completing the well, the 
flow-control service assembly 27, with outer tube 26, in- 
ternal tube 40, and cross-over 330 can be removed from 
the well leaving only the screen assembly 12 with base 
pipe 14, connector subs 50, screens 18 and sleeves 22 
in the closed and locked position in the borehole. One 
embodiment of the actuator member 48 in the form of a 
weight-down collet is shown In U.S. Patent 5,921,318, 
hereby incorporated herein by reference. 
[0047] Referring now to Figures 13 through 15, the 
flow-control service assembly 27 includes a multi-posi- 
tion valve assembly 80 mounted on the lower ends of 
outer tube 26 and internal tube 40 which may be opened 
or closed to selectively allow flow through the flowbore 
41 of internal tube 40. Although valve 80 is not limited 
to a certain embodiment and may have a number of dif- 
ferent constructions, one embodiment of valve 80 in- 
cludes a stinger assembly 76 disposed on the lower end 
of internal tube 40 and a receptacle assembly 74 dis- 
posed on the lower end of outer tube 26. The stinger 
assembly 76 is reciprocably disposed within the recep- 
tacle assembly 74 such that by raising or lowering the 
internal tube 40 with respect to the outer tube 26, valve 
80 moves between multiple positions, including the "cir- 
culation" position shown in Figure 13, the "squeeze" po- 
sition shown in Figure 14, or the "reverse flow" position 
shown in Figure 15. 

[0048] As shown in Figure 13, with the internal tube 
40 in the lowermost position with respect to outer tube 
26, ports 82 in the receptacle assembly 74 align with 
ports 45 in the stinger assembly 76 to allow fluid to enter 
and flow up the flowbore 41 of internal tube 40 along 
path 86 to the surface. In this circulation position, valve 
80 allows flow from medial annulus 34 and outer annu- 
lus 30 into flowbore 41 of internal tube 40. As shown in 
Figure 14, with the internal tube 40 in its intermediate or 
squeeze position, ports 45 in the stinger assembly 76 
are out of alignment with ports 82 in the receptacle as- 
sembly 74. Therefore, because the lower end of stinger 
assembly 76 is closed off and ports 45 are closed off by 
receptacle assembly 74, flow is prevented from entering 
and flowing up flowbore 41 of internal tube 40. Thus, 
there is no flow from annuli 32, 34, or 30 into internal 
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tube 40. As shown in Figure 15, with the internal tube 
40 in its upper or reverse flow position , ports 45 in stinger 
assembly 76 have moved above receptacle assembly 
74 and are exposed to inner annulus 32. In this position, 
fluid may flow from the surface through the flowbore 41 
of internal tube 40 and through ports 45 into inner an- 
nulus 32 or fluid may flow through inner annulus 32 into 
the flowbore 41 of internal tube 40 and up to the surface. 
Thus, there is flow between inner annulus 32 and flow- 
bore 41 but not between annuli 34 or 30 and flowbore 41 . 
[0049] Referring again to Figure 3, in operation, the 
screen assembly 12 and production packer 326 are in- 
stalled in the well bore with the screen assembly 1 2 hav- 
ing a length allowing it to bridge or extend the length of 
the production zone interval 360 to be treated. The flow- 
control service assembly 27 with cross-over assembly 
330, outer tube 26, internal tube 40, and valve assembly 
80 are installed on work string 328 in the wellbore 300. 
Inner annulus 32, medial annulus 34 and outer annulus 
30 are thus formed across Interval 360. Upon setting the 
packer 326 in the casing 10, the outer annulus 30 be- 
tween the screen assembly 1 2 and the casing 1 0 is iso- 
lated. 

[0050] Referring now to Figures 3 and 1 3, in the f rac 
treatment, a frac fluid is injected down work string 328 
and through cross-over 330 into inner annulus 32 be- 
tween internal tube 40 and outer tube 26 along primary 
flow path 28. The frac fluid passes downwardly through 
inner annulus 32 and through aligned and open ports 
20, 25 into outer annulus 30. Initially outer annulus 30 
is filled with well fluids or preferably brine, for example, 
which is displaced by the incoming frac fluids and re- 
turned to the surface. The multi-position valve 80 is in- 
itially In the circulation position, allowing the well fluids 
or brine to pass through screens 1 8 and slots 1 6 in base 
members 14 and down medial annulus 34 between the 
screen assembly 12 and the outer tube 26, passing 
through axial ports 42 in sleeves 22 as shown in Figure 
5. Ports 45 in the stinger assembly 76 on wash pipe 40 
are aligned with open ports 82 in the receptacle assem- 
bly 74 on valve assembly 80 to allow flow upwardly 
through flowbore 41 along path 86. 
[0051] Referring now to Figures 3 and 14, once the 
well fluid or brine is fully displaced, the valve assembly 
80 Is moved to the "squeeze" position as shown in Fig- 
ure 1 4. In the squeeze position, internal tube 40 is raised 
with respect to outer tube 26 so that ports 45 in stinger 
assembly 76 are out of alignment with ports 82 In recep- 
tacle assembly 74. The bottom of internal tube 40 is 
closed off and because ports 45 are covered by the wall 
of receptacle assembly 74, fluid Is prevented from en- 
tering internal tube 40 and flowing to the surface. Thus, 
the frac fluid is pumped at a high flow rate and under 
high pressures down work string 328 and into outer an- 
nulus 30. Because the frac fluid is prevented from flow- 
ing to the surface through internal tube 40, it is forced 
through perforations 318 and into the formation 312. By 
injecting frac fluid at high flow rates and pressure 
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through perforations 318, the rock in the formation is 
fractured creating open void spaces in the formation un- 
til equilibrium is reached, i.e., the amount of frac fluid 
introduced into the formation equals the amount of fluid 

5 leaking off into the formation and the fractures stop prop- 
agating. Alternatively, if a leakage equilibrium is not 
achieved, a tip screen out approach may be used where 
proppant is injected into the fracture tips to prevent fur- 
ther fracture propagation. Then proppant is added to the 

to frac fluid and injected into perforations 31 8 to maintain 
the voids in an open position for production. 
[0052] The objective of the frac treatment is to uni- 
formly fracture the entire interval 360 from top to bottom, 
and the methods and apparatus of the present invention 

is overcome limitations of the prior art with respect to uni- 
form fracturing. Specifically, ports 20, 25 take the place 
of and eliminate the need for a conventional cross-over 
that introduces fluids into the outer annulus 30 only at 
the top of the interval 360. Ports 20, 25 essentially act 

20 as multiple cross-over points located at predetermined 
spaced locations along the entire length of interval 360 
such that the frac fluids can exit through any one of the 
ports 20, 25 as it flows through inner annulus 32 along 
flow path 28. By having multiple exit points, substantially 

55 the same pressure may be applied along the formation 
face at the same time through each of the ports 20, 25 
versus the significant difference in pressure applied 
along the face at the upper and lower extents of the for- 
mation when the fluid is introduced only at the top of the 

30 interval 360 using a conventional cross-over. Therefore, 
the methods and apparatus of the present invention pro- 
vide a more effective and uniform fracture overthe entire 
interval 360. 

[0053] Referring again to Figures 3 and 13, when the 

35 frac treatment is complete, the well bore 300 is then 
gravel packed or the gravel pack may take place simul- 
taneously with the frac treatment. In gravel packing, the 
internal tube 40 is placed in the circulation position 
shown in Figu re 13. The gravel pack slurry of carrier flu id 

40 mixed with particulate material, typically graded sand 
commonly referred to as gravel, is injected down the 
same flow path described for the initial frac fluid. The 
slurry is pumped down work string 328, through cross- 
over 330 and along path 28 in inner annulus 32. The 

45 slurry passes around and through diverters 24 out ports 
20, 25 because the inner annulus 32 is sealed off by the 
bottom 68 of the service assembly. 
[0054] Some of the carrier fluid in the slurry leaks off 
through the perforations 318 into the unconsolidated 

50 zone 312 of interval 360 while the remainder, /.e, the 
returns 44, flow back through screen assembly 12 into 
medial annulus 34 and down through vertical bores 42 
in sleeves 22 to the lower end of the internal tube 40. 
As shown in Figure 13, when returns 44 reach the bot- 

55 torn of internal tube 40, they flow through open ports 82 
in the receptacle assembly 74 aligned with open ports 
45 in the stinger assembly 76 of valve assembly 80 al- 
lowing flow to continue upwardly through flowbore 41 
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along path 86 to the surface. 
[0055] As the flow of the sluny slows and the carrier 
fluid leaks off, the gravel or solids, settles out and sep- 
arates from the carrier fluid. The gravel begins to pack 
as it becomes dehydrated due to the leak off of the fluids. 
Typically the gravel may initially accumulate at the bot- 
tom of the wellbore 300 and then upwardly in the outer 
annulus 30. With the multiple exit ports 20, 25, gravel 
packing may occur along the entire interval 360 simul- 
taneously. 

[0056] The building of nodes is one of the primary 
methods of gravel packing the borehole. However, if the 
nodes form prematurely and build bridges across the 
outer annulus 30, voids can be formed in the gravel pack 
that are undesirable. Thus, if a node does begin to build 
prematurely, it is important that an alternative flow path 
past the node be provided such that any void beneath 
a bridge can be gravel packed from underneath the 
bridge so as to fill the void and achieve a uniform gravel 
pack throughout the annulus. 
[0057] Diverters 24 are designed to prevent bridges 
from forming across and around inner annulus 32 inside 
of service assembly outer tube 26. As shown in Figure 
1 2A, when the slurry passes through ports 20, 25, gravel 
will be deposited in and around perforations 318, into 
annulus 30 and back to ports 20, 25, thereby promoting 
gravel buildup and the formation of a node 58 around 
port 20. As shown in Figure 12A and 9B, when node 58 
grows and engages diverter 24 at 60, the radial growth 
of node 58 is stopped. Figure 12B shows a cross-sec- 
tional view taken at 12B-12B of the diverter of Figure 
12A with node 58 formed. Therefore, when a bridge 58 
is created and the gravel extends into diverter 24 at 60, 
the diverter 24 stops the gravel from moving radially and 
annularly between the service assembly outer tube 26 
and internal tube 40, The diverter 24, therefore, is de- 
signed to provide a barrier and stop the formation of a 
bridge that would block flow through the outer tube 26. 
[0058] As shown in Figures 3, 9A, and 9B, the divert- 
ers 24 and ports 20, 25 provide a plurality of alternative 
flow paths to the gravel slurry flowing between the inter- 
nal tube 40 and outer tube 26. The slurry has two pos- 
sible flow paths as it moves through inner annulus 32. 
It can either pass into diverter 24 along flow path 28 and 
through exit ports 25, 20 into outer annulus 30, or it can 
bypass around the outside of diverter 24 along flow path 
62 and continue downwardly through outer tube 26 to 
another set of aligned ports 25, 20. Once a bridge 58 is 
created, then flow will just be forced down another path 
62. Therefore, as nodes build, they may form bridges 
across outer annulus 30 at certain perforations 318. 
However, as shown in Figures 12A and 9B, due to the 
plurality of alternative flow paths 62 through inner annu- 
lus 32, If one of the exit ports 20, 25 becomes blocked 
by a bridge 58 reaching diverter 24 at 60, alternative 
flow paths 62 allow the gravel slurry to bypass diverter 
24 and flow to another exit port 20, 25 located at a point 
beneath the bridge so as to fill the void with gravel. Thus, 



even if a bridge forms in outer annulus 30, flow paths 
62 provide access to ports 20, 25 below the bridge to fill 
and complete the gravel pack in outer annulus 30. Thus, 
the present invention achieves the objective of providing 
5 a continuous gravel pack throughout outer annulus 30 
such that and there are no voids in the gravel pack upon 
completion of the operation. 

[0059] Referring again to Figures 3 and 15, after the 
particulate material has been packed in outer annulus 

10 30 around screen assembly 12, any gravel and/or prop- 
pant in inner annulus 32 will be removed. Such gravel/ 
proppant can cause equipment abrasion problems or 
cause tools to get stuck downhole, preventing them from 
being removed from the wellbore. Prior to reverse cir- 

15 culating the inner annulus 32, it is necessary to close 
ports 20, 25, otherwise the circulation fluids would flow 
into outer annulus 30. Thus, the flow-control service as- 
sembly 27 is raised a sufficient distance to close ports 
20. In raising outer tube 26, the actuator member 48, 

20 which is biased outwardly, engages a mating profile on 
the internal surface of sleeve 22 and moves It upwardly 
on the connector sub 50 of screen assembly 12. As ac- 
tuator members 48 pull sleeves 22 upward, another 
shoulder inside sleeve 22 contacts actuator member 48 

25 and forces it to retract and release sleeve 22 once 
sleeve 22 is in the closed position. When the sleeve 
reaches the closed position, it latches into place over 
ports 20, 25. Although the latching mechanism is capa- 
ble of a number of different constructions, one embodi- 

30 ment comprises a spring biased latching member that 
expands and engages an internal profile in sleeve 22 
thereby latching sleeve 22 in the closed position to keep 
ports 20, 25 closed. As shown in Figure 4B, seals 46 
seal between sleeve 22 and sub 50 around ports 20 

35 when sleeve 22 is in the closed position. 

[0060] Referring now to Figure 1 5, to reverse circulate 
inner annulus 32 to remove any gravel, the valve as- 
sembly 80 is moved to the reverse flow position. Internal 
tube 40 is raised within outer tube 26 to bring stinger 

40 assembly ports 45 to a position above the closed-off bot- 
tom 68 of service assembly 26. Fluids free of solids can 
now be reverse circulated down work string 328, down 
wash pipe 40 along path 85 and out ports 45 to push 
any gravel that might have deposited in annulus 32 up 

45 to the surface with the fluids along path 87. The removal 
of the gravel and proppant allows the retrieval of the 
flow-control service assembly 27. 
[0061] It is preferable to maximize the aggregate flow 
area through screen assembly 12 so as to maximize the 

so flow of well fluids produced through screen assembly 12 
from the production zone. Because the service assem- 
bly outer tube 26 and internal tube 40 are removable 
from the wellbore after gravel packing is complete, the 
flow area for production can be maximized and the flow- 

55 control service assembly 27 with outer tube 26 and in- 
ternal tube 40 can be used again rather than becoming 
part of the permanent downhole assembly. Thus, the 
present invention achieves the objective of uniform 
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gravel packing using an apparatus that is removable 
from the wellbore upon completion so as not to limit the 
size of the production area. 

[0062] After the gravel pack is complete in wellbore 
300 as described above, the well is returned to produc- 
tion, and the pack of particulate material fitters out and 
prevents the migration of formation fines and sand with 
fluids produced into the wellbore from the unconsolidat- 
ed subterranean zone 312. 

[0063] The particulate material utilized in accordance 
with the present invention is preferably graded sand but 
may be a man-made material having a similar mesh 
size. The particulate material is sized based on a knowl- 
edge of the size of the formation fines and sand in the 
unconsolidated zone to prevent the formation fines and 
sand from passing through the gravel pack, i.e., the 
formed permeable sand pack. The graded sand gener- 
ally has a particle size in the range of from about 10 to 
about 70 mesh, U.S. Sieve Series. Preferred sand par- 
ticle size distribution ranges are one or more of 10-20 
mesh, 20-40 mesh, 40-60 mesh or 50-70 mesh, de- 
pending on the particle size and distribution of the for- 
mation fines and sand to be screened out by the graded 
sand. 

[0064] The particulate material carrier fluid can be any 
of the various viscous carrier liquids or fracturing fluids 
utilized heretofore including gelled water, oil base liq- 
uids, foams or emulsions or it may be a non-viscous fluid 
such as water, brine or an oil based liquid. The foams 
utilized have generally been comprised of water based 
liquids containing one or more foaming agents foamed 
with a gas such as nitrogen. The emulsions have been 
formed with two or more immiscible liquids. A particu- 
larly useful emulsion is comprised of a water-based liq- 
uid and a liquefied normally gaseous fluid such as car- 
bon dioxide. Upon pressure release, the liquefied gas- 
eous fluid vaporizes and rapidly flows out of the forma- 
tion. The liquid utilized is preferably a non-viscous or 
low viscosity fluid that can also be used to fracture the 
unconsolidated subterranean zone if desired. 
[0065] The most common carrier liquid/fracturing fluid 
utilized heretofore, which is also preferred for use in ac- 
cordance with this invention, is comprised of an aque- 
ous liquid such as fresh water or salt water combined 
with a gelling agent for increasing the viscosity of the 
liquid. The increased viscosity reduces fluid loss and al- 
lows the carrier liquid to transport significant concentra- 
tions of particulate material into the subterranean zone 
to be completed. A variety of gelling agents are de- 
scribed in U.S. patent no. 6,003,600, EP-A-0909874 
and EP-A-0909875, to which reference should be made 
for further details. 

[0066] Thus, it can be seen that the methods and ap- 
paratus of the present invention provide effective means 
for fracturing and uniformly gravel packing wells in un- 
consolidated subterranean zones. The present inven- 
tion can achieve more uniform fracturing along the entire 
interval from top to bottom by injecting frac fluids into 



the formation at fairly uniform pressures through a plu- 
rality of exit ports extending along the length of the serv- 
ice assembly. These exit ports also provide alternative 
flow paths to inject gravel along the screen assembly, 

5 especially to fill voids beneath bridges that form in the 
gravel pack. Diverters mounted internally of these ports 
form a barrier to prevent the gravel from bridging across 
the entire inner annulus between the service assembly 
outer tube and internal tube, thus allowing flow to by- 

10 pass the diverter and exit through another open port be- 
low. The present invention is especially beneficial for 
use in high production rate wells because the apparatus 
of the present invention is disposed within the screen 
assembly, so it does not limit the internal diameter of the 

15 screen assembly, i.e. the production area. The appara- 
tus of the present invention is also removable from the 
wellbore after frac treatment and gravel packing are 
complete thereby maximizing the well production ca- 
pacity of the screen assembly and reducing costs by not 

20 becoming part of the permanent downhole assembly. 
[0067] While preferred embodiments of this invention 
have been shown and described, modifications thereof 
can be made by one skilled in the art without departing 
from the spirit or teaching of this invention. In particular, 

25 various embodiments of the present invention provide 
a number of different constructions. The embodiments 
described herein are exemplary only and are not limit- 
ing. Many variations of the system in which the appara- 
tus may be used are also possible and within the scope 

30 of the invention. Namely, the present invention may be 
used in conjunction with any type of screen assembly 
such that the particular configuration of screen assem- 
bly illustrated and described herein is meant merely to 
illustrate the function of the present invention as an al- 
as ternative path or flow diversion apparatus. 



Claims 

40 1. An assembly for fracturing a formation or gravel 
packing a borehole extending through the forma- 
tion, said assembly comprising a first member hav- 
ing a length adapted for disposal adjacent the for- 
mation and including a plurality of screens and a 

45 plurality of first apertures; a second member dis- 
posed within said first member forming a flow path 
along said length and having a plurality of second 
apertures communicating with said first apertures; 
and wherein said apertures are disposed along said 

50 length at predetermined intervals. 

2. An assembly according to claim 1 , further including 
a barrier extending over each of said apertures, 
wherein the or each said barrier is preferably open 

55 at each end to pass fluids and is radially spaced 
from said apertures. 

3. An assembly according to claim 2, wherein said bar- 
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riers are disposed on said second member over 
said second apertures. 

4. An assembly according to claim 1 , 2 or 3, further 
including a third member disposed within said sec- 
ond member forming a flow passageway communi- 
cating with said apertures. 

5. An assembly according to claim 4, further including 
a multi-position valve having a first position prevent- 
ing flow between a flowbore in said third member 
and said flow path and between said flowbore and 
said flow passageway, a second position allowing 
flow between said flowbore and said flow path, and 
a third position allowing flow between said flowbore 
and said flow passageway. 

6. An assembly according to any of claims 1 to 5, 
wherein said second member is adapted for remov- 
al from within said first member upon completion of 
said fracturing or gravel packing. 

7. An assembly according to any of claims 1 to 6, fur- 
ther including closure members disposed adjacent 
said apertures and adapted to close said apertures, 
said closure members preferably having flow ports 
therethrough. 

8. An assembly according to claim 7, wherein said 
second member includes an actuator member to 
actuate said closure members to close said first ap- 
ertures. 

9. An assembly according to claim 7 or 8, wherein said 
closure members are disposed on said first mem- 
ber. 

10. An assembly according to any of claims 1 to 9, fur- 
ther including channel members disposed internally 
of said second member forming alternative flow 
paths around said second apertures. 

11. An assembly for completing a well having a bore- 
hole extending through a formation, said assembly 
comprising an inner tubular member disposed with- 
in an outer tubular member and forming an inner 
annulus; said inner tubular member and outer tubu- 
lar member being disposed within a screen mem- 
ber, said outer tubular member and screen member 
forming a medial annulus and said screen member 
adapted to form an outer annulus with the borehole; 
said outer tubular member and screen member 
forming a plurality of apertures communicating said 
inner annulus with said outer annulus, said aper- 
tures being spaced along said outer tubular and 
screen members at predetermined intervals; said 
inner annulus adapted to receive fluid to flow 
through said apertures and into said outer annulus; 



said medial annulus adapted to receive fluid 
through said screen member from said outer annu- 
lus; and said inner tubular member having a flow- 
bore adapted to receive fluid from said medial an- 
5 nulus. 

1 2. An assembly according to claim 1 1 , further including 
radial barriers on said outer tubular member adja- 
cent said apertures to prevent the formation of sand 

10 bridges across said inner annulus. 

13. An assembly according to claim 11 or 12, further 
including an alternative flow path through said inner 
annulus upon one of said apertures becoming 

15 closed to fluid flow. 

1 4. An assembly according to claim 1 1 , further including 
a barrier assembly disposed within said outer tubu- 
lar member and forming a plurality of flow paths 

20 across said plurality of apertures. 

15. An assembly according to claim 14, wherein said 
barrier assembly includes a tubular barrier member 
forming a first inner annulus with said screen mem- 

25 ber and barrier vanes extending radially to said 
screen member adjacent said apertures, and 
wherein preferably said tubular barrier member 
forms a second inner annulus with said innertubuiar 
member and preferably includes a wall having a plu- 

30 rality of holes therethrough to provide communica- 
tion between said first and second inner annuli. 

16. An assembly for positioning within a borehole of a 
well, said assembly comprising a screen member 

35 having a wall forming a bore and a plurality of ports 
through said wall; an outer tubular member dis- 
posed within said bore having a plurality of ports 
aligned with said screen member ports and forming 
an inner annulus with said screen member; and a 

40 plurality of barrier members extending over said 
aligned ports. 

17. An assembly according to claim 16, wherein said 
outer tubular member is removable from the well. 

45 

18. An assembly according to claim 16 or 17, wherein 
said screen member ports are disposed on connec- 
tors for connecting adjacent perforated base mem- 
bers having screens mounted thereon, said con- 

so nectors having sleeves that can be shifted to close 
said screen member ports, and wherein said outer 
tubular member preferably includes actuator mem- 
bers adapted to engage said sleeves to shift said 
sleeves over said screen member ports. 

55 

19. An assembly according to claim 18, wherein said 
sleeves include latches to maintain said sleeves in 
a closed position, and/or said sleeves include axial 
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flow bores extending therethrough. 

20. An assembly according to any of claims 16 to 19, 
wherein said barrier members are disposed within 
said outer tubular member creating a plurality of 
flow paths; and/or said barrier members block a ra- 
dial build of sand around said ports; and/or said bar- 
rier members are attached to said outer tubular 
member. 

21. An assembly according to any of claims 16 to 19, 
wherein said barrier members are attached to an 
internal tubular member disposed within said outer 
tubular member. 

22. An assembly according to any of claims 16 to 19, 
further including an internal tubular member dis- 
posed within said outer tubular member forming a 
second inner annulus between said internal tubular 
member and said outer tubular member, said as- 
sembly preferably further including a closing device 
to control flow through a flowbore in said internal 
tubular member. 

23. A method of flowing fluids into an unconsolidated 
subterranean zone penetrated by a wellbore, which 
method comprises disposing a length of screen as- 
sembly in the wellbore adjacent the unconsolidated 
subterranean zone, the screen assembly including 
a plurality of screens and having apertures along 
said length at predetermined intervals; disposing a 
flow-control member within said screen assembly 
to direct fluid flow through the apertures and not 
through the screens; and passing frac fluids through 
the flow-control member, through the apertures and 
into the unconsolidated subterranean zone. 

24. A method according to claim 23, further including 
applying a substantially uniform fluid pressure 
through the apertures along the length of the screen 
assembly. 

25. A method according to claim 23 or 24, further In- 
cluding creating fractures uniformly along the un- 
consolidated subterranean zone from top to bottom. 

26. A method according to claim 23, 24 or 25, wherein 
the flow-control member includes inner and outer 
members forming a flowbore within the inner mem- 
ber, an annularflow area between the inner and out- 
er members, and ports In the outer member com- 
municating with the apertures in the screen assem- 
bly, the outer member forming an annular passage- 
way with the screen assembly; said method prefer- 
ably further including flowing fluid into the annular 
flow area, through the ports and apertures, and into 
the formation. 



27. A method according to claim 26, further including 
preventing the extent of radial build up of sand at 
the ports and providing an alternative flow route 
around the sand build up in the outer member. 

5 

28. A method according to claim 26, further including 
flowing fluids through the screens, into the annular 
passageway and into the flowbore of the inner 
member. 

10 

29. A method according to claim 26, further including 
controlling flow through the inner member using a 
valve member. 

15 30. A method according to any of claims 23 to 29, 
wherein the flow-control member includes internal 
alternative flow paths allowing particulate material 
to flow through or around the ports. 

20 31. A method according to any of claims 23 to 30, fur- 
ther including closure members to close the aper- 
tures, the closure members having flow passage- 
ways allowing flow between the flow-control mem- 
ber and screen assembly. 

25 

32. A method according to any of claims 23 to 31 , fur- 
ther including closing the apertures. 

33. A method according to any of claims 23 to 32, fur- 
30 ther including moving the flow-control member to 

close the apertures. 

34. A method according to any of claims 23 to 33, fur- 
ther Including removing the flow-control member 

35 from the wellbore. 

35. A method of completing an unconsolidated subter- 
ranean zone penetrated by a wellbore having an up- 
per and lower end comprising the steps of: placing 

40 in the lower end of the wellbore a screen assembly 
having open ports and an outer tubular member dis- 
posed therein having open ports that align with said 
screen assembly ports whereby a first annulus is 
formed between the screen assembly and the outer 

45 tubular member and a second annu lus Is formed be- 
tween the screen assembly and the lower end of 
said wellbore; hanging an internal tubular member 
within said outer tubular member whereby a third 
annulus Is formed between the internal tubular 

so member and the outer tubular member; isolating 
said second annulus between the lower wellbore 
end and the upper wellbore end in the zone; inject- 
ing particulate material into said third annulus, 
through said aligned open ports, and into said sec- 

55 ond annulus; creating fractures in said subterrane- 
an zone while injecting the particulate material into 
the second annulus; depositing particulate material 
in said fractures; uniformly packing the particulate 
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material along the screen assembly In said second 
annulus; closing off the Internal tubular member to 
fluids entering from within the well; injecting partic- 
ulate^ ree liquid through said internal tubular mem- 
ber into said third annulus and flowing said liquid up 5 
to the surface through said third annulus; closing 
said screen assembly ports; removing the outer tu- 
bular member and the internal tubular member from 
the wellbore; and placing the unconsolidated sub- 
terranean zone on production.. « 



14 



EP1 132 571 A1 




15 



EP 1 132 571 A1 




16 



EP 1 132 571 A1 




17 



EP 1 132 571 A1 




EP 1 132 571 A1 




19 



EP1 132 571 A1 




20 



EP 1 132 571 A1 




21 



EP 1 132 571 A1 




22 



EP1 132 571 A1 




23 



EP 1 132 571 A1 



European Patent 

omca 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 1372 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with Indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (toLCI.7) 


X 
A 


US 5 333 688 A (JONES LLOYD 6 ET AL) 

2 August 1994 (1994-08-02) 

— column L y 1 1 lie o/— oo, riyuico a ** * 

* column 3, line 29-36 * 

* COIUuin !>, line □ — column o, line h * 


I. 4.6-9, 

II, 13 

16,23,35 


E21B43/267 

E21B43/04 

E21B34/06 


X 


US 5 890 533 A (JONES LLOYD G) 
6 April 1999 (1999-04-06) 
* figures 1,2 * 


1.4 




X 


WO 95 33915 A (MOBIL OIL CORP) 
14 December 1995 (1995-12-14) 
* figures 5,6 * 


1.4 




X 


US 5 435 391 A (JONES LLOYD G) 
25 July 1995 (1995-07-25) 
* figures 1-4 * 


1.4 




X 


US 4 474 239 A (COLOMB GLENN T ET AL) 
2 October 1984 (1984-10-02) 


1,4,6 




A 


* figures 2-4 * 


5 


TECHNICAL FIELDS 
SEARCHED (lntCL7) 


A 


US 5 597 040 A (STOUT GREGG W ET AL) 
?fl .lanuarv 1997 (\ 997-01-28) 

CO (jaiiuai j 177/ wi to; 

* figures 4-9 * 


1,11.16, 
23 35 


E21B 


A 


EP 0 421 822 A (BAKER HUGHES INC) 
10 April 1991 (1991-04-10) 
* figures 1-11 * 


1 




E 


WO 01 14691 A (MOBIL OIL CORP 
;SCHLUMBERGER TECHNOLOGY CORP (US)) 
1 March 2001 (2001-03-01) 
* abstract; figures 1-3 * 


1 




The present search report has been drawn up for all claim s 







THE HAGUE 



Dmm 4 ocmpWJon <* dm mttat 

17 April 2001 



van Berlo, A 



CATEGORY OF CITED DOCUMENTS 

X : paitteuhrty relevant if taken alone 

Y : perilcufcwty relevant If combined with another 

document of the tame category 
A : tectmotogfcarf background 
Oinon-wrtien dfectosure 
P : imemwdJan document 



T : theory or principle underlying the Invention 
E ■ earlier patent document, but published on, or 

after the Ong date 
D : document cBed in the application 
L : document cited for other reasons 

a : rnornoer at (he same patent family, corresponding 



24 



EP 1 132 571 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 30 1372 



This annex lists the patent family membersrelattno, to the patent documents dtBd in the above-mentioned European search report 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is In no way liable tar these particulars which are merely given lor the purpose of Intormatlon. 

17-04-2001 



Patent document 




Publication 


Patent family 


Publication 


cited In search report 




date 




member(s) 


date 


US 5333688 


A 


02-08-1994 


AU 


677818 B 


08-05-1997 








AU 


5993194 A 


15-08-1994 








CA 


2153250 A 


21-07-1994 








EP 


0668959 A 


30-08-1995 








NO 


952689 A 


06-09-1995 








RU 


2121056 C 


27-10-1998 








WO 


9416194 A 


21-07-1994 


US 5890533 


A 


06-04-1999 


AU 


7323998 A 


11-02-1999 








DE 


19833726 A 


04-02-1999 








68 


2327694 A 


03-02-1999 








NL 


1009668 C 


Al AO i ft Aft 

01-02-1999 








NO 


983476 A 


f\ ■* AO "• A Aft 

01-02-1999 


WO 9533915 


A 


14-12-1995 


US 


5417284 A 


23-05-1995 








AU 


681297 B 


21-08-1997 








AU 


2696195 A 


04-01-1996 








CA 


2187644 A 


14-12-1995 








EP 


0764235 A 


26-03-1997 








NO 


964911 A 


19-11-1996 








RU 


2138632 C 


27-09-1999 


US 5435391 


A 


25-07-1995 


CA 


2195966 A 


15-02-1996 








EP 


0774042 A 


21-05-1997 








NO 


970499 A 


04-04-1997 








WO 


9604463 A 


15-02-1996 


US 4474239 


A 


02-10-1984 


NONE 






US 5597040 


A 


28-01-1997 


NONE 






EP 0421822 


A 


10-04-1991 


US 


4951750 A 


28-08-1990 








AT 


137838 T 


15-05-1996 








DE 


69026895 D 


13-06-1996 


W0 0114691 


A 


01-03-2001 


NONE 






I 



£ For mora details about this annex : see Official Journal of the European Patent Office, No. 12*32 



25 



